Objective: To investigate whether sepsis associated ence-phalopathy (SAE) is a cause of acute vertigo syndrome (AVS).
Introduction
Acute vertigo syndrome (AVS) is also called acute vestibular syndrome (AVS). The AVS caused by the central vestibular pathways lesion is known as central AVS. There are many reasons for central AVS. The most common causes are acute ischemic stroke [1, 2] , followed www.avidscience.com Top 10 Contributions on Neurology: 2nd Edition by spontaneous intra cerebral hemorrhage [1, 3] . Perhaps, there are many other well-known reasons for the first symptom that commonly precipitate central AVS, such as migraineous vertigo [4] , heart disease [5] , acute drug poisoning or adverse reactions (including carbon monoxide, phenytoin, antihypertensive drugs and antitumor drugs) [6] [7] [8] [9] , vertigo epilepsy [10] , and multiple sclerosis [11] . In addition, rare causes may include hypoglycemia, acute leukemia, brain tumors, Hunter's bow syndrome, and potential malnutrition or anemia [12] [13] [14] [15] [16] . In some cases, even smoking and drinking may also cause this syndrome. However, there are few reports of sepsis associated encephalopathy (SAE) with AVS as the initial symptom. Here, we retrospectively reviewed a series of clinical data from 7 consecutive SAE patients with AVS as the initial symptom, so as to improve the clinical workers' ability to recognize SAE early.
Methods

Study Settings
This study was a retrospective case study of all registered patients from an adult intensive care unit (ICU) in China. A total of 7 SAE patients who had acute vertigo or dizziness as an initial symptom were recruited from January 2014 and December 2016. The Ethical Committee on Clinical Research of the Shuyang People's Hospital, China, approved the study. The study was in full compliance with the Helsinki declaration, and written informed consent was obtained from patients or their families.
Patients and Selection Criteria
We identified acute vertigo syndrome (H81.9) and central vertigo (H81.4) according to the master code of clinical revision (ICD-10-CM), Tenth Edition of the international classification of diseases of the WHO. We also treat sepsis and septic shock (A41.9) as the primary code for identifying sepsis events. Subjects included criteria: (1) patients with AVS who were the first symptom (over 18 years of age); (2) present evidence of a confirmed or suspected infection, and preswww.avidscience.com ence of sepsis or septic shock. Exclusion criteria: 1) less than 18 years old; 2) non septic or septic shock patients.
All data were extracted from electronic medical records. The following data in patients with septic shock initial presenting as AVS were recorded, such as age, gender, onset to admission time, body temperature, blood pressure, heart rate, respiratory rate, the general characteristics of acute dizziness syndrome, GCS score, PaO2, creatinine, bilirubin, serum glucose, lactate levels, white blood count, platelet count, bacteriological findings, ECG, and brain CT scans. We also recorded the findings of CT, including the location and size of the lesion.
The sequential organ failure score (SOFA) after AVS were recorded. We calculated the worst SOFA score during hospitalization. Finally, we recorded the number of days of ICU stay and hospitalization, and the prognosis after 30 days of follow-up. Survival and functional outcomes were assessed using a GOS score.
Relation Definitions
The definition of sepsis has been updated by sepsis-3 in 2016 [17, 18] , which was defined as a life-threatening organ dysfunction due to a dysregulated host response to infection. Septic shock is a specific form of sepsis in which profound circulatory, cellular and metabolic abnormalities are associated with a greater risk of mortality than with sepsis alone. In the absence of other causes for hypotension, the septic shock can be diagnosed as the patient's a systolic blood pressure reduction of 40mmHg from baseline, or the mean arterial pressure< 70mmHg and need to use vasopressors maintain, while serum lactic acid level≥2mmol/L. We are using the following criteria for the diagnosis of SAE: (1) Eligible diagnostic criteria for Sepsis-3; (2) present evidence of diffuse or multifocal cerebral dysfunction (from mental or behavioral changes to severe lethargy or coma); (3) brain imaging (CT or MRI) reveal the cortical and subcortical white matter ischemic lesions or 6 www.avidscience.com Top 10 Contributions on Neurology: 2nd Edition micro infarction, or no obvious abnormality. The exclusion criteria were as follows: (1) presence of meningitis/ encephalitis or other encephalopathy; (2) present evidence of non-sepsis or non-septic shock.
Acute vestibular syndrome (AVS) is mainly characterized by acute vertigo or dizziness [19] . The AVS caused by impaired central vestibular pathways is called central AVS. The following criteria were used to diagnose central AVS: (1) sudden onset of vertigo or dizziness accompanied by head-motion intolerance, gait unsteadiness, nausea or vomiting, or nystagmus. (2) Patients with risk factors or pathogenesis of impaired central vestibular pathways; (3) present evidence of imaging or laboratory in central vestibular pathways lesion. In terms of symptomatology, central AVS is a manifestation of mental and neurological abnormity, i.e., mild brain dysfunction. Vertigo is described as a feeling of the rotation of oneself/space when human brain process un imbalance; severe cases may present with head-motion intolerance or abnormal balancing behavior, such as standing instability, even the whole itself rolled sharply to one side and fell to the floor. Dizziness is a top-heavy feeling, or also with a minor abnormal balancing behavior, including inclining and shaking. Dizziness or vertigo is usually transient (lasting seconds to minutes, generally < 24 hours), but may occur in continuous repeated episodes, or persistent episodes, lasting more than a few days.
Statistical Methods
The numeric variables were expressed as means ± standard deviation (SD) or medians (IQR), and n (%) for qualitative values. Fisher's exact test and the Mann-Whitney U test were used to examine the relationship between baseline patient variables. Continuous variables were compared using Student's t test. All p-values were 2-sided, and significance was set at P< 0.05. Statistical calculations were performed using a proprietary, computerized statistics package (SPSS 10.0).
Result
In this clinical case series, 36 patients were admitted for septic shock, of those, only 7(19.4%) patients who met the inclusion /exwww.avidscience.com clusion criteria were enrolled The clinical features of 7 patients with AVS are shown in (table 1) . Five patients were male and 2 female, the median age was 60 years (range, 23-80). All patients had sudden onset of dizziness or vertigo as an initial symptoms. Of them, 6 patients (85.7%) had transient AVS (usually within several minutes), and only 1 (14.3%) was persistent AVS (lasting 24 h). The most common associated symptoms were nausea and vomiting, but no one with nystagmus. The shortest time interval from AVS onset to admission was 10 minutes, the longest was 10 days, and the mean ± SD was 52.7±72.9 hours. Table 1 : Characteristics of 7septic patients with initial presenting as AVS.
AVS=acute vestibular syndrome or acute vertigo syndrome
Characteristics of Septic Shock
All of the patients with septic shock recorded, 5 (83.3%) reported severe hypotension on admission, and only 2 patients reported nosocomial hypotension. All patients showed the manifestations of SIRS (≥2 criteria), while they had findings associated with acute organ dysfunctions. Five patients (71.4%) had confirmed infection, and only 2(26.6%) had suspected infection. The most common site of infection was the respiratory tract (57.1%). According to the new criteria for sepsis in 2016, the clinical and laboratory features of 7 patients with septic shock with central AVS are shown in (table 2) .
Sex
Age Initial symptoms 
Clinical and Imaging Features of SAE
Seven patients with clinical features of SAE were shown in table 3. In the 7 patients, five patients had brain imaging performed, and the other 2 cases were no brain imaging (1 case and 5 cases). Patient 2 showed no abnormalities in head CT scan within 24 hours of onset. Cranial CT in the case 4 at first 24 hours showed an old ischemic lesion, but no new lesions occurred. In the case 3, initial cranial CT showed a small per ventricular infarction, met ischemic lesions of the central vestibular pathways. In the patient 6 and 7, initially DWI showed cortical and subcortical lacunars infarcts, met ischemic changes in the central vestibular pathway. Especially in the patient 6, his head MRI-DWI show the symmetry acute ischemic lesions in the bilateral insular lobes and in the per ventricular area. AVS=acute vestibular syndrome or acute vertigo syndrome; SIRS=systemic inflammatory response syndrome; SOFA= sequential organ failure assessment; GCS= Glasgow Coma Scale; GOS= Glasgow outcome Scale. 
Discussion
The acute brain dysfunction caused by impaired central vestibular pathways in the human brain is called central AVS. Focal lesion in the cortical or subcortical as well as brainstem or cerebellum is the most common causes of central AVS [1] [2] [3] [4] 10, 11, 15] , but brain ischemia, hypoxia, poisoning, metabolic disorder, and malnutrition is also the factors of brain dysfunction caused by the lesions of vestibular central pathways [5] [6] [7] [8] [9] [12] [13] [14] 16] .
The current series of 7 patients presented the following features: (1) present evidence of a suspected or confirmed infection; (2) the blood pressure decreased 40mmHg, mean arterial blood pressure less than 70mmHg, and the serum lactic acid level >2mmol/L; (3) the existence of at least one organ dysfunction. Therefore, the diagnosis of septic shock or sepsis was established. However, our 7 patients with SAE failed to be diagnosed early because of lack of understanding of central AVS caused by brain dysfunction. Acute brain dysfunction, if its caused by sepsis or septic shock, is called SAE. The incidence of SAE accounts for approximately 70% of sepsis [20] . In view of the above, the diagnosis of SAE depends mainly on whether the patient has sepsis or septic shock. That is, as long as sepsis or septic shock is diagnosed, 2/3 may be associated with acute brain dysfunction. According to document, the patients with minor SAE may show mental or behavioral changes, severe SAE patients may also be presented with non-convulsive seizures, lethargy, or even coma. Moreover, there was no clinical and laboratory evidence of direct infection of the central nervous system, or any other reasons can be identified encephalopathy [21, 22] . In fact, SAE is not uncommon, which has brain dysfunction as an onset or an isolated manifestation, and its initial manifestation may be a mild mental or behavioral changes, including hallucinations, irritability, delirium, inappropriate behavior, and so forth [21, 22] .
Previous studies have suggested that severe hypotension or low cardiac output is a common cause of global ischemia [23, 24] , and the www.avidscience.com
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watershed infarcts or dizziness is usually encountered [5] . In our current series, all patients with SAE had septic shock, suggesting that the pathogenesis of initial AVS is associated with brain ischemia [5, 23, 24] .
To our knowledge, SAE with AVS presenting as initial symptoms is not described. Of the current 6 patients, only patient 1 was satisfied with the diagnosis of SAE with isolated central AVS. The other 6 patients progressed from an initial central AVS to subsequent coma and multiple organ dysfunction (MOD), met the diagnosis of SAE with MOD. Prior studies have shown that infection can increase the incidence of acute ischemic stroke risk [25] . Although only patient 3,6 and 7 on CT or DWI showed small acute infarction in the cortical and subcortical areas, all patients showed a suspected infection or confirmed infection and having acute organ failure. Then, this evidence strongly suggests that SAE might contribute to the occurrence of initial central AVS.
The image changes of SAE are common with minor infarction and white matter lesion [26] , and microcirculatory disturbance is the main pathogenesis in experimental models of sepsis [27] . Our patients 3,6 and 7 had minor infarcts and white matter ischemia imaging changes, which accord with the pathological mechanism of a dysregulated host response to infection. However, some SAE may have severe brain microcirculatory disturbances that cause extensive subcortical white matter lesions, or multifocal necrotizing encephalopathy [28] . In this situation, there is often a poor prognosis. Unfortunately, our patients did not review brain imaging later.
Currently, sepsis and septic shock is still the most prevalent critical diseases worldwide. The morbidity in ICU for septic patients is 10% [29] , while the fatality rate of SAE is as high as 51.0-72.0% [30] . However, SAE as one of the rare cause of initial central AVS has not been reported. We think an identification of this is important for early diagnosis and early treatment of SAE's underlying infection. It is also beneficial to reduce SAE misdiagnosis and reduce mortality
